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1 Definition of & Introduction to Industrial Engineering

1.1 Definition of Industrial Engineering

The following formal definition of industrial engineering (IE) has been
adopted by the I1E; '

Industrial Engineering is concerned with the design, improvement, and
installation of integrated systems of people, materials, information, equipment,
and energy. It draws upon specialized knowledge and skill in the mathematics,
physical, and social sciences together with the principles and methods of
engineering analysis and design to specify, predict, and evaluate the results to be
obtained from such systems.

As used in this context, the term industrial is intended to be interpreted in
the most general way. Although the term industrial is often associated with
manufacturing organizations, here it is intended to apply to any organization. The
basic principles of industrial engineering are being applied widely in agriculture,
hospitals, banks, government organizations, and so forth.

Read the definition again. Think about any large factory that you have seen
in which thousands of workers, hundreds of machines, a large variety of
materials, and millions of dollars must be combined in the most productive, cost-
effective manner. Think about a large city that also requires thousands of
workers, hundreds of vehicles and other machinery, materials, and millions of
dollars in order to deliver services required by the public. Imagine how much
more effectively the city could be run if the principles of industrial engineering
were applied.

The current definition of industrial engineering needs little or no modification
to be a suitable definition for “industrial and systems engineering” in which the

overall system design is emphasized.
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1.2 Introduction to Industrial Engineering

Industrial engineering is about choices. Other engineering disciplines apply
skills to very specific areas. IE gives you the opportunity to work in a variety of
businesses. The most distinctive aspect of industrial engineering is the flexibility
that it offers. Whether it’s shortening a roller coaster line, streamlining an
operating room, distributing products worldwide, or manufacturing superior
automobiles, all share the common goal of saving companies money and
increasing efficiencies. .

As companies adopt management philosophies of continuous productivity and
quality improvement to survive in the increasingly competitive world market, the
need for industrial engineers is growing. Why? Industrial engineers are the only
engineering professionals trained as productivity and quality improvement
specialists.

Industrial engineers figure out how to do things better. They engineer
processes and systems that improve quality and productivity, They work to
eliminate waste of time, money, materials, energy, and other commodities. Most
important of all, IEs save companies money. This is why more and more
companies are hiring industrial engineers and then promoting them into
management positions,

Industrial engineer is synonymous with systems integrator—a big-picture
thinker, in other words, It’ s an employee who takes what exists today and
conceptualizes what should exist in the future. A lot of engineers become
disillusioned with the engineering profession because they get involved in minutiae
or they end up on a CAD machine all the time, and they never get out in the
factory environment or the operating environment. That’s not what happens to
an industrial engineer. 1Es spend most of their time out in the real operating
environment, coming up with scientific approaches to problems rather than seat-
of-the-pants, temporary solutions.

Many people are misled by the term “industrial engineer”. The “industrial”
does not mean just manufacturing. It encompasses service industries as well. It
has long been known that industrial engineers have the technical training to make
improvements in a manufacturing setting,

Now it is becoming increasingly recognized that these same techniques can be
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used to evaluate and improve productivity and quality in service industries.

Here are a few examples of what an IE might do:

« Develop and implement a computer-based information system

* Develop a bar-code tracking system

» Develop an optimal production schedule for a manufacturing facility

* Decide on the best way to manage the distribution of a company’s
products

¢ Streamline a hospital’s emergency room

» Improve quality and efficiency in an automobile production line

* Develop an optimal plan for refining crude oil into various petroleum
products.

* Find the best way to lay out machines and equipment on a shop floor

» Schedule flights and crews for an airliner

[ Vocabulary)
be disillusioned with ot. Fifeeeere KK
by the seat of one’s pants [MERER; 468
bar-code n. £
decide on L. Xif weeees fEH e
service industries n. AR 55k
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2 Impact of Related Developments

The evolution of the industrial and systems engineering profession has been
affected significantly by a number of related developments. We discuss several of

these in this section.
2.1 Impact of Operations Research

The development of industrial engineering has been greatly influenced by the
impact of an analysis approach called operations research. This approach
originated in England and the United States during World War II and was aimed
at solving difficult war-related problems through the use of science, mathematics,
behavioral science, probability theory, and statistics. The approach enjoyed
rather good success.

Following World War II the concepts of operations research were extended to
problems in industry and commerce. A large number of mathematicians and
scientists began devoting attention to a wide variety of operational problems.
This resulted in considerable interaction between industrial engineers and
members of other scientific disciplines. The infusion of new ideas and new
approaches to problem solving had a dramatic impact on industrial engineering
education and practice.

Industrial engineering departments at many universities began offering course
work and complete options (usually at the graduate level) in operations research,
In fact, some academic IE departments have changed their names to Industrial
Engineering and Operations Research,

As it was originally conceived, the operations research approach was as

follows: A specific problem was identified; specialists from appropriate fields
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were formed into an interdisciplinary task force to develop a solution; appropriate
scientific methods and principles (usually involving mathematical models) were
brought to bear on the problem; consideration was given to the interaction of the
various components in the system being studied; the “best” solution was decided
upon and presented to management. Once the work of the task force was
completed, the task force was disbanded.

An approach such as this essentially precludes the establishment of
operations research as a separate discipline. One person simply cannot have
expertise in all the'scientific areas that might be needed for problem solving,

As currently used, the term operations research connotes a set of
quantitative methods that are applicable to a wide range of managerial and
operational problems. Consequently, very few people consider themselves as
operations researchers, Many industrial engineers do consider operations research

as being their primary interest.
2.2 Impact of Digital Computers

Another development that has had a significant impact on the IE profession is
the digital computer. Digital computers permit the rapid and accurate handling of
vast quantities of data, thereby permitting industrial engineers to design systems
for effectively managing and controlling large, complex operations.

Many of the methods of operations research, discussed in the preceding
section, require extensive calculations. The digital computer permits industrial
engineers to exercise a wide variety of optimization techniques to assist decision
makers to better allocate scarce resources.

The digital computer also permits industrial engineers to construct computer
simulation models of manufacturing facilities and the like in order to evaluate the
effectiveness of alternative facility configurations, different management policies,
and other management consideration. Computer simulation is emerging as the
most widely used IE technique.

A recent development that is having a profound (although still uncertain)
impact on industrial engineering is computer-aided design (CAD) and computer-
aided manufacturing (CAM). Industrial engineers are now designing facilities and
work spaces directly on a computer workstation. The computer is also being used

to automatically generate process plans, bills of material, tool release orders,
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work schedules, operator instructions, and so on. During production, computers
are used to control the cutting path of machine tools, send instructions to robots
and other devices, record production progress, dynamically reschedule work
centers, and automatically generate reports to all levels of management.

The development and widespread utilization of personal computers is having
a dramatic impact on the practice of industrial engineering. industrial engineers
use PCs extensively to perform various analyses, to execute mathematical
models, to plan and manage complex projects, to create databases, and to
implement a wide range of decision support tools.

Computer networks are being developed for companies that will permit all
computers (even those made by different companies) to “talk to each other”. In
this mode, managers, supervisors, and machine operators may gain access to vast
amounts of information that is stored in different computer systems, but
accessible through the network.

The industrial engineer’s role in the computer environment described above
is to perform the overall system design, which effectively links together the
various components of the system. Essentially every IE tool and technique will be

affected by developments in computers and communications.
2.3 Emergence of Service Industries

In the early days of the industrial engineering profession, IE practice was
applied almost exclusively in manufacturing organizations. After World War II
there was a growing awareness that the principles and techniques of IE were also
applicable in non-manufacturing environments,

One of the first service industries to utilize industrial engineering on a broad
scale was the health-care industry. Many hospitals and clinics employ industrial
engineers to improve their operations, eliminate waste, control inventories,
schedule activities, and for a wide variety of other functions.

A more recent area to utilize industrial engineers is that of government
agencies. This is now occurring at the national, state, and local levels,
Thousands of industrial engineers are employed by government organizations to
increase efficiency, reduce paperwork, design computerized management control
systems, implement project management techniques, monitor the quality and

reliability of vendor-supplied purchases, and for many other functions.



